How To Measure Lung Volume?
To the Editor:
In their recent article in CHEST (May 2010), O'Donnell et al 1 report data on total lung capacity (TLC) in 132 patients with airfl ow obstruction from three hospitals. TLC measured using plethysmography was signifi cantly larger than both TLC of helium (He) and TLC derived from CT scan measurements.
The CT scan is a new method for measuring lung volume. One would expect that the authors, before applying it to patients with airfl ow obstruction, would compare it with established methods in healthy subjects. Surprisingly, the authors provide practically no information on its validity. General considerations are not a substitute for evidence.
Their fi ndings may be explained by an underestimation of lung volumes using the CT scan method resulting from submaximal inspiration in the supine position. Indeed, vital capacity was not measured in both sitting and supine positions. It is lower in the latter position compared with the former. At one hospital, with patients in the supine position, lung volume was monitored, but not measured, spirometrically during CT scan measurements. At another hospital, "subjects were read instructions from a prepared script." At a third, "subjects were well practiced in the procedure."
Measurements of lung volumes were done at three different hospitals-one across the ocean-with three different sets of equipment and with at least three different technicians. No preliminary validation of the accuracy of the measurements with each set of equipment and no comparison of the performances of the different technicians were done, with either regular quality controls and biologic controls. These methodologic problems affect the credibility of the arguments of the authors.
In patients with moderate to severe airfl ow obstruction, lung spaces are closed. The volume of these spaces is measured using plethysmography. It should be also measured using CT scans, but not using He dilution. Surprisingly, the authors report quite similar results for CT scans and He dilution.
The authors tend to discredit the plethysmographic method, stating, "With the assumption that Pleth[ysmography] was accurate…. Medical texts began to refl ect the conclusion that TLC was increased in various obstructive pathologies." However, they omit mention that this conclusion was reached before 1982. Then and later, it was shown that plethysmography systematically overestimates lung volume in patients with airfl ow obstruction when they are panting at Ն 2 Hz. However, panting at Յ 1 Hz corrects the overestimation of lung volume. 2 -4 Furthermore, O'Donnell et al 1 failed to mention data 5 showing that interregional pressure differences in patients with airflow obstruction, a hypothesis they favor, are unlikely to explain errors in lung volume using plethysmography. 
Dan C. Stǎnescu , MD, PhD, FCCP Brussels, Belgium

Response
To the Editor:
We thank Dr Stănescu for his correspondence regarding our recent publication in CHEST (May 2010). 1 We have presented data that challenge conventional ideas about the plethysmographic method for measuring the resident volume of gas in the chest. Dr Stănescu's critique is based largely on the traditional arguments defending that method over the helium (He) dilution method, and our rebuttal follows.
Unfortunately, the fi rst sentence in his letter belies a careful reading of our report. Contrary to his claim that we studied 132 patients with airfl ow obstruction, we actually studied patients undergoing thoracic CT scan for a variety of indications, 79 with spirometrically documented obstruction and 53 with no evidence of obstruction.
He goes on to state, "The CT scan is a new method for measuring lung volume. One would expect that the authors, before applying it to patients with airfl ow obstruction, would compare it with established methods in healthy subjects." As we report in the Abstract and "Results" section, "…there were significant withinsubject differences in TLC [total lung capacity] by measurement technique among subjects with airfl ow obstruction, but not among those without airfl ow obstruction."
Thus, we have established the comparability of CT scan with established techniques in subjects with normal lung function. Furthermore, radiographic techniques, including CT imaging, have been used for several decades to assess lung volume. 2 The CT scan is not a "new method for measuring lung volume" as Dr Stănescu suggests.
The concern is raised that our "fi ndings may be explained by an underestimation of lung volumes using the CT scan method resulting from submaximal inspiration in the supine position." We did discuss the potential infl uence of the supine position on lung volume measurements. As we reported, at H1 (where CT imaging was performed during spirometric monitoring) we compared upright vs supine vital capacities, and the mean difference was companies/organizations whose products or services may be discussed in this article. CI , 200 mL) . Two other pieces of evidence suggest that supine position alone does not explain the observed differences in TLC by technique. The fi rst is lack of by-technique difference in TLC among healthy individuals. Thus, for the supine position to explain our data, it would require that TLC from supine position be less than that from a seated position only in those with obstruction and that the magnitude of the difference increase with severity of obstruction. We do not know of any evidence that this is the case, nor does Dr Stănescu cite any such evidence in defense of his criticism. The second is the very close correspondence between He dilution and CT scan lung volume among subjects with COPD (mean differ ence 5 150 mL). To argue that our results in those with obstruction are explained in one instance by underestimation of TLC by CT scan, measured with subjects supine, and in another instance underestimation by He, measured with subjects seated, would require the highly unlikely coincidence that the two underestimations are equal and independent of the severity of the obstruction. Dr Stănescu does not provide us with a hypothesis or data supporting the justifi cation for his suggestion that this coincidence exists.
It is true that we did not attempt mutually standardized quality control among the three participating laboratories. However, all three sites were in university-affi liated hospitals and each laboratory adhered to American Thoracic SocietyրEuropean Respiratory Society guidelines for pulmonary function test administration. We did monitor quality indicators, such as adequate He dilution time, plethysmographic panting frequency, linearity of plethysmographic box-pressure vs mouth-pressure plots, and test reproducibility. We are not sure how "one [laboratory] across the ocean" infl uences interlaboratory reliability, as Dr Stănescu seems to imply. To the extent that interlaboratory differences might affect results, we would expect less precision (more noise); therefore, a decreased probability of identifying any existing differences in line with our hypothesis (a conservative bias).
It is argued by Dr Stănescu that "In patients with moderate to severe airfl ow obstruction lung spaces are closed. The volume of these spaces is measured using plethysmography …[and]…CT scans, but not using He dilution." However, patients with severe airways obstruction do not routinely have atelectasis; therefore, there must be ventilation of the regions subtended by closed airways, such as by collateral pathways. This ought to allow equilibration of He throughout the lung, if suffi cient time is allowed. Furthermore, because closing volume increases with age and is in the range of functional residual capacity in people in their 60s, Dr Stănescu's argument would predict that TLC measured by helium would be progressively less than TLC measured by plethysmography with aging. To our knowledge, this has not been observed.
We point out that "It was not until 1978 that Brown and Slutsky demonstrated frequency-dependent discrepancies in the measurement of thoracic gas volume among patients with asthma, a result suggesting that reported increases in TLC in asthma may have been largely an artifact of Pleth." Thus we do not "omit mention that this conclusion was reached before 1982."
In response to the statement, "Then and later, it was shown that plethysmography systematically overestimates lung volume in patients with airfl ow obstruction when they are panting at Ն 2 Hz. However, panting at Յ 1 Hz corrects the overestimation of lung volume," we acknowledged research 3 , 4 demonstrating panting frequency dependence of plethysmographic TLC in airfl ow obstruction and the apparent accuracy of measures made at 1 Hz panting frequency. 5 However, we went on to point out that none of the work on which the acceptability of 1-Hz panting is based included subjects with very severe obstruction. Many of our subjects did have an FEV 1 substantially less than that reported for subjects in previous research on the effects of panting frequency. The largest by-technique differences we observed occurred among subjects with the most severe airfl ow obstruction.
